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ABSTRACT 

Alternatives to fossil fuels as energy resources are 
discussed. Energy from the sun and other renewable resources are 
cited as the alternatives. Constructed is a practical energy scenario 
for the year 2030 that involves a 55-percer^ cut in carbon dioxide 
emissions, greatly improved energy efficie and an energy 
production system that relies heavily on solar energy, geothermal 
energy, wind power, and the energy of living plants. World petroleum 
resoarces in the Middle East and worldwide are described. Chapters 
include: (1) "The Next Energy Transition"; (2) "Power from the Sun"; 
(3) "A Policy Agenda"; (4) "Energy and Jobs"; and (5) "Toward a Solar 
Economy". (KR) 
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Intitoduction 



The end of the fossil fuel age is now in sight. As the world lurches 
from one energy crisis to another, fossu fuel dependence threat- 
ens at every turn to derail the global econonny or disrupt its 
environmental support systems. If we are to ensure a healthy 
and prosperous world for future generations, only a few decades 
remain to redirect the energy economy. 

Though it has fueled the economic boom of the past 40 years, petroleum 
is no longer a reliable source of energy. Three severe oil shocks in 17 
years are a clear warning that the world cannot continue indefinitely 
along a path of petroleum dependence. The ultimate constraint is phys- 
ical — oil supplies are finite — ^but the immediate limits are geographical 
and political: nearly twG*thirds of the world's proven oil reserves are in 
the volatile Persian Gulf region.^ 

An even more fundamental limit on fossil fuel use is the atmosphere's 
capacity to cope v. ^th the burden of nearly 6 billion tons of carbon emis- 
sions each year. Scientists predict that these emissions will warm the 
atmosphere at an unprecedented rate, and may eventually undermine 
the economy itself. Combustion of all the world's remaining fossil fuels 
would raise the concentration of carbon dioxide as much as tenfold, 
compared with the mere doubling that now concerns scientists. 
Slowing global warming inevitably means placing limits on fossil fuel 
combustion.^ 

Since the mid-seventies, many countries have sought to redirect their 
energy policies. Most of these efforts were aimed at reducing depen- 
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dence on oil, and initially were quite effective. World oil consumption 
fell during the eariy eighties, but then climbed in the late eighties as oil 
prices dropped and energy policies were abandoned. By 1990, oil 
demand was nearing the levels of the late seventies. Without renewed 
efforts, the use of oil will continue to grow in the future, making the 
world vulnerable toevenminor political disruptions in the Middle East. 

Since 1988, the world community has begun to consider more profound 
energy policy changes, focusing on limits to carbon dioxide emissions 
Some 15 countries have established goals, ranging from freezing emis- 
sions at current levels to cutting them by 50 percent. At the Second 
World Climate Conference, held in Geneva in November 1990, 137 
nations agreed to draft a treaty by 1992 to slow global warming. While 
the details of the treaty remain to be determined, the world is now 
apparently headed toward a commitment to develop energy systems 
less dependent on fossil fuels,' 

Initial efforts to stabilize the climate will focus largely on strategies to 
improve energy efficiency. Studies conducted in several countries have 
found that reducing energy use in buildings, factories, and transporta- 
tion systems saves more money than it costs. Indeed, many rich nations 
could reduce their carbon dioxide emissions by as much as 20 percent 
over 15 years, while actually strengthening their economies/ 

The more difficult question is, what comes next? Scientists have con- 
cluded that stabilizing the climate will ultimately require reducing 
global carbon dioxide emissions by 60 to 80 percent. The wealthy 
nations, which currently produce most of the carbon dioxide, would 
have to make even more dramatic cuts to allow for population and eco- 
nomic growth in the Third World. These changes imply the develop- 
ment of a far different energy system. But few political leaders have any 
notion of an economy not Based on fossil fuels Indeed, the inability of 
societies to redirect their energy course is as much a failure of vision as a 
failure of policy. 

Efforts by the energy establishment to map out such a course have beea 
based on the mistaken assumption that future energy systems must fol- 
low a centralized, fossil-fuel-dependent path. The most recent meeting 



"Stabilizing the climate will ultimately 
require reducing global carbon dioxide 
emissions by 60 to 80 percent" 



of the World Energy Conference, a gathering of government officials 
and experts, concluded that energy needs three decades from now will 
be 75 f>ercent higher than current levels, and will be met mainly by coal, 
oil, and nuclear power. While traditional energy planners may view / 
such a future as logical, close examination raises doubts about its desir- 
ability or even feasibility.'' 

The World Energy Conference scenario would entail relying on Persian 
Gulf nations for more than two-thirds ot the world's oil, compared with 
one-quarter today. It would lead to soaring carbon dioxide emissions 
and accelerated global warming. It would also require building three 
times as many nuclear plants as the world has so far, which would li^ - 
ly lead to more frequent nuclear accidents and growing stockpiles of 
nuclear waste and plutonium. And the growing scale of energy sys- 
tems might well require tight police supervision and restrictions on 
public pa rticipation.'^ 

Such a future is not only unattractive, it is now being decisively rejected 
by societies around the world. The people of Germany, foi example, 
effectively stopped nuclear construction during the eighties, and those 
in the Soviet Union are doing the same. Coal-fired power plants have 
been ruled out in California, and the Indian ^government's efforts to 
build large new hydroelectric dams recently nave met with massive 
public protest. Political leaders are realizing that people's concerns can- 
not be swept aside." 

In rejecting this course, we can begin to see some of the elements oi an 
energy system that would be truly sustainable — not only in a global 
ecological sense, but in social and political terms as well. The most diffi- 
cult challenge is to provide for this generation's needs safely and eco- 
nomically, without sacrificing the living standards of generations to 
come. 

To stabilize the climate, the world soon will have to reduce its consump- 
tion of fossil fuels; this entails not only improving energy efficiency but 
also developing major new energy sources. Proolem-plagued nuclei r 
technologies clearly are not ready to play this role. Indeed, nuclear 
expansion has now come to a halt in many nations. 



The alternative is as obvious as the sunrise: energy from the sun and 
other renewable resources. The technologies are at hand to greatly 
expand the use of renewable energy in the next few decades. We have 
8 constructed a practical energy scenano for the year 2030 that involves a 
55'percent cut in carbon dioxide emissions, greatly improved energy 
efficiency, and an energy production system that relies heavily on solar 
energy, geothennal energy, wind power, and the energy of living plants. 
The year 2030 can be viewed as a mid-point in a long-term energy tran- 
sition — enough time to develop major nev energy systems, but not to 
ehminate fossil fuels entirely 

The gradual transition to a solar-brsed economy would inevitably lead 
to the creation of entirely new industries and jobs Just as petroleum has 
helped shape today's society, so would a sustainable energy economy 
shape society in the future. Ultimately, new transportation systems will 
likely evolve, and cities become more compact and convenientlv laid 
out. Agriculture would undoubtedly become less energy intensive, and 
many farms be transformed into producers of both food and energy The 
economy as a whole is likely to become gradually more decentralized. 

The future, of course, is not something to be passively predicted but 
actively struggled for. The challenge ahead is parMy technological: con- 
tinuing to develop new methods of using energy efficiently and har- 
nessing renewable resources economically. But the challenge is also 
political: overcoming narrow economic interests, and revamping poli- 
cies to create sustainable energy systems We must start, however, with 
a conviction that such a future is possible The alternative is to risk a 
hiture of economic and ecological decline 



The Next Energy Transition 

As the 20th century comes to a close, powerful economic, social, and 
enviionmental forces are pushing the world toward a new energy sys- 
tem. Such major energy transitions have occurred before. Human soci- 
eties first turned to water, wind, and wood to mc^t their energy needs, a 
pattern that prevailed until the 18th century. The Industrial Revolution, 
inaugurated bv the invention of the steam engine, was fueled bv coal. 
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'"Noi only is the world addicted to cheap oil, 
but the largest liquor store is in a 
very dangerous neighborhood/' 



Petroleum next became the mam fuel of the world economy starting 
early in the 20th century. The age of oil took several decades to mature, 
however. Even by 1950, world '>il consumption was one-sixth the cur- 
rent level, with half of it being used in North America alone. Indeed, at 
that tine, the petroleum economy had touched the lives of only a tiny 
fraction of humanity. Today, oil shapes economies the world over and is 
dtsply enmeshed in many aspects of daily life, from travel to clothing.^ 

While oii dependence may seem inevitable and permanent, it could 
turn out to be shorter than the 200-ycar age of coal. Basic resource and 
environmental limits suggest that a transition away from oil will have 
to occur largely in the next few decades. Like the great energy transi- 
tions of the past, this one will be shaped by many different forces. In the 
immediate future, a chaotic oil market may do the most to alter global 
energy trends. When Iraq's tanks rumbled into Kuwait in August 1990, 
the world suffered its third oil sh^\ in just 17 years. (See Figure 1 .) The 
invasion, which immediately raised Iraq's share of ^ orld oil reserves 
from 10 to nearly 20 percent, caused a 170-percent increase in oil prices 
in three months and led to near panic in world financial markets.'' 

The forerunners of the most recent crisis were the failed energy policies 
that allowed both industrial and developing nations to increase their 
dependence on Middle Eastern oil in the late eighties. Since 1986, when 
oil prices fell back below $20 per barrel, the move toward more efficient 
homes, cars, and factories that began in the mid-seventies slowed to a 
crawl. As a result, world oil demand shot up by almost 5 million barrels 
per day, or nearly 10 percent.' ' 

Virtually all the extra oil being consumed is supplit^d by a handful of 
countries in the Middle East, a region that faces the stresses of rapidly 
growing populations, autocratic political systems, ramoant poverty, 
and a deadly arms race. Not only is the world addicted to cheap oil, but 
the largest liquor store is in a very dangerous neighborhood. 

The uneven distribution of world petroleum resources is growing more 
lopsided all the time. While the Persian Gulf countries had 55 percent 
of proven global reserves in 1980, by 1989 that figure had climbed to 65 
percent — almost all the ma)or oil discoveries during the pas^ decade 
O 
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occurred in that region. (See Table 1.) Most of the nations in the Persian 
Gulf have at least 100 years of proven reserves left at cument extraction 
rates, compared with less than 20 years' worth in Europe, North 
America, and the Soviet Union." 

Outside the Middle East, much of the cheap oil has already been con- 
sumed. Production by the Soviet Union and the United States is no^ / 
declining. The U.S. fall is hardly surprising; the country's heavily 
exploited oil fields have only 4 percent of global reserves while still 
accounting for 12 percent of world production. Whereas the average oil 
well in Saudi Arabiu produces 9,000 barrels per day the average well in 
the United States yields 15. The Soviet Union also appears poised for a 



Table 1: World Oil Reserves by Region, 1980 and 1989 
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Oil Reserves 
1980 1989 


of 1989 
Reserves 


Remaining at 1989 
Production Rates 




(hilkon Kirrvls) 




(vcar>) 


Middle East 


362 


660 


65 


110 


Latin America 


70 


125 


12 


51 


Soviet Union & 
East. Europe 


66 


60 


6 


13 


Africa 


55 


59 


6 


28 


Australasia 


40 


47 


5 


20 


North America 


39 


42 


4 


10 


Western Europe 


23 


18 


2 


13 


TOTAL 


655 


1,011 


100 


44 



Souire: Bntish Petmleum BP St ah^tual Revicu^ of Worhi EmT^y (U^ndon vanous years) 

Steep production decline as it seeks to cut its excessive spending in the 
petroleum sector. Infusions of Western money and technology could 
slow the fall but are unlikely to stop it entirely'^ 

If the past is any guide, the nations of the Persian Gulf are in no position 
to provide a steady long-term supply of oil. To rely increasingly on 
them would set the stage for an unending series of economic crises and 
oil wars. I>eveloping countries with large debt burdens are particulariy 
vulnerable to a continuation of the oil-price roller coaster. India, for 
example, was .'orced to cut its oil consumption by a remarkable 25 per- 
cent as prices skyrocketed in late 1990." 



Oil-consuming nations therefore face the imperative of reducing their 
petroleum dependence. The question is, how much? Current oil use per 
-| f\ Person averages 4.5 bamels a year worldwide, ranging front 24 barrels in 
the United States to 12 in Western Europe and less than 1 in sub-Saharan 
Africa. As supplies run short and prices nse, world oil consumption will 
likelv fall over the coming decades. Given these constraints, it seems 
doubtful that world oil output will exceed 30 million barrels per 
day--one-half the current level- -by the year 2030. With projected popu- 
lation increases, this would allow for an average of just 1.2 barrels per 
person a year, implying extensive change^ in the world energy economy.'^ 

The capacity of the global biosphere to absorb the emissions of a fossil- 
fuel-based economy will in the end prove even more constrainmg than 
the limits posed by oil. Nearly 6 billion tons of carbon are spewed into 
the air eacn year in the form of carbon dioxide, a greenhouse gas build- 
ing steadilv in the atmosphere and gradually heating the planet. 
Despite public attention to the problem of glob il warming in recent 
years, the amount of carbon released annuaPy has risen by 400 million 
tons since 1986 — exactly the opposite of whal many scientij^s believe is 
necessary. While carbon emissions growth has moderated somewhat in 
the rich countnes, it has surged in the Third World. (Sf.e Figure 2.)" 

A scientific study released in 1990 by the United Nations-commissioned 
International Panel on Climate Change confirmed that a rapid and 
highly disruptive increase in global temperatures v/ould likely occur 
unless emissions are cut. Upon releasing the report. Dr. John 
Houghton, head of the British Meteorological Service, noted that it rep- 
resented "remarkable consensus," with tewer than 10 of 200 scientists 
dissenting. Although greenhouse gas concentrations rise slowly future 
climate disruptions are Hkely to be abrupt and catastrophic.'" 

Although major cuts in carbon dioxide emissions will take decades, the 
long-term goals will be far more difficult to achieve if the first steps are 
not taken soon. Some 15 nations and the European Community as a 
whoie have taken this message to heart. They have begun to limit their 
emissions of carbon dioxide— and, by implication, their use of fossil 
fuels. (See Table 2J The leader is Germany, which aims to cut emissions 
within the former West Germany by 25 percent over the next 15 years.'^ 

erJc ^ 




Yet ir order to stabilize the atmospheric concentration of carbon 
dioxide, scientists believe global enussions eventually must be cut by 60 
to 80 percent. This must be the long-term goal of any society that wish- 
es to ensure its survival. It may be difficult to fully achieve such an 
objective during the next 40 years, but clinuite stability demands m'>ve- 
ment in that direction. Our proposed carbon budget for the year 2030 is 
2.5 billion tons — roughly a 55-percent cut from curr it levels.'* 

A world that produces 2.5 billion tons of carbon a year will be far differ- 
ent from one that produces nearly 6 billion. (See Table 3.) Per capita 
carbon emissions 40 years from now would need to be one-fourth the 
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Table 2: National Climate Policies, Proposed or Enacted, October 1990 
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Nation 


Goal 


Status 


Australia 


Reduce greenhouse gas 
emissions 20 percent 
from 1988 level by 2005 


Commission is studying 
aist-effective measures 


Aiic^riA 

/lU^li to 


H(Viii/iuI lV« omiccmnc 

20percvntby2005 


including improved efficiency 


Canada 


Freeze CO5 emtssions 
at 1990 level by 2000 


Task forc^ to report recommend^x? 
polices in November 1990 


Denmark 


Reduce CO2 emissions 
20 percent by 2005,50 
percent by 2020-2040 


Energy plan approved with focus on 
effioericy, renewables, natural gas, 
energy taxes and transportation 


France 


Freeze CO2 emissioiis 
near 1990 per capita level 


No sptjific policies announced 


Germany' 


Reduce CC^ emissions 
25 percent from 1987 
level by 2005 


Action plan presented m November 
1990, to include energy pohcy 
reforms and possible carbon tax 


Japan 


Freeze CO5 emissions 
at 1990 level by 2000 


Pro^ ram announced that includes 
effiaency, transport, nuclear energy, 
and renewables 


Netherlands 


Freeze CO2 emissions at 
1990 level by 1995, 
followed by reductior 


Plan adopted that includes effiaency, 
renewables, natural gas, carbon tax 
and transportation reforms 


New Zealand 


Reduce CO2 emissions 
20 percent by20a5 


Cover iment agenoes are developing 
poliaes 


Norway 


Freeze QCh emissions 
atI9891evelby2tX)0 


Commission to recommend new 
polices in January 1991 


Sweden 


Freeze CO5 emissions 
at 1988 level by 2000 


Carbon tax will start in January 1991, 
parliament debating further polices 


Sv/itzerland 


Reduce CO2 emtssions 
10 percent by 2000 


Prc^gram announced for carbon tax, 
effiaency, and transp<>rt reform 


United Kingdom 


Freeze CO5 emissions 
at 1990 level by20a5 


Government paper calls for efficiency, 
renewables, ana transport rrforms 



'German goal is for the former West Germany Reduction go»ils for the former East 
Germany are being assessed 



Source; Worldwatch Instit ute, based on vanous sources 
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Table 3: World Energy Use and Carbon Emissions, 1989, 
with Goals for 2030 



Energy 1989 203^ 

Source Energy Carbon Energy Carbon 





(mloe ) 


(million tons) 


(mtoe') 


(milbon tons) 


Oil 


3,098 


2,393 


1,500 


1.160 


Coal 


2,231 


2,396 


240 


430 


Natural Gas 


1,707 


975 


1,750 


1,000 


Renpwables^ 


1,813 




7,000 


* 


Nuclear^ 


451 




0 


0 


TOTAL 


9300 


5,764 


10,490 


2,590 



'Million tons of oil equivalent. 

'Under certain arcumslances, both renewable ener;gy and nuclear energy can result m net 
pcBitive carbon ennissions 



Soui;:e: Worldwatch Institute, based on British Petroleum, Statistical Rei^iew of World 
Energy (Loudon, 1990), J M O Scurlock and D O Hall, "The Contnbution of 
Biomass to Global Energy Use," Biomass, No. 21 , 1990, Gregg Marland et aL, 
Estimates of CO^ Emissions from Fossil Fuel Burning and Cement hAanufacturing, 
Based on the United Nations Energy Statistics and the U S Bureau of Mines Cement 

Manufacturing Data (Oak Ridge, Tenn . Oak Ridge National Laboratory, 1989) 



level in Western Europe today, given inevitable growth in world popu- 
lation over the next few decades. These are stringent targets, since fossil 
fuels now account for 75 percent of world energy supplies. An annual 
carbon budget of 2.5 billion tons can be met only if tne use of coal, the 
most rarbon-intensive fossil fuel, is cut by about 90 percent. Small 
^nunts of coal would still be bu m«id in countries such as China and 
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India, which have large populations and hmited reserves of other fossil 
fuels. Oil shale and synthetic fuels derived from coal can be ruled out 
entirely due to their high carbon content.'"* 

16 

For most nations, natural gas will likely be the predominant fossil fuel, 
as it produces roughly twice as much energy per kilogram of carbon 
released as coal does. Natural gas resources are also believed to be 
much larger and better distributed than those of oil. While current 
proven reserves are mostly in the Soviet Union and the Middle East, 
manyparts of the world have not been thoroughly searched for natural 
eas. Gas resources are sufficiently large that, 40 years from now, this 
fuel could still be producing as much energy as it Joes today. 

In a world with an energy system that is truly sustainable ^onomical- 
ly and socially — nuclear power may not be a major source of energy. 
During the past 10 years, the pace of nuclear expansion h^iS slowed 
almost to a halt in many countries. All existing reactors are scheduled 
to be retired within the next 40 years, and unless fundc.mental problems 
are resolved, it seems likely that most will not be replaced. The reasons 
for nuclear power's dechne are high costs, inadequate safety margins, 
absence of permanent nuclear waste storage facilities, and proliferation 
of materials that can be used to manufacture nuclear weapons.-' 

Resolving all of these problems may or may not be possible, but it 
would take at least several decades to restore public confidence in this 
energy source. That makes nuclear power far too problematic to be con- 
sidered seriously in a 40-year energy scenario. Another proposed new 
energ) technology— nuclear fusion— will take a minimum of 50 years 
to reach w tdespread commercial use, according to its proponents." 

Although many of the details of a sustainable energy system are debat- 
able, one point is clear: such a system is possible only if energy efficien- 
cy is vastly improved. This is because no future energy source is likely 
to be as cheap as oil has been. Overall, the world will have to produce 
goods and services with one-third to one-half as much energy as now. 
The 21 industrial market nations that belong to the International Energy 
Agency have lowered their energy use per unit of gross national prod- 
^uct 24 percent since 1973, and opportunities for further improvement 
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"Over the next 30 yeais, industrial countries 
could reduce their energy use per capita by at 
least half without harming their economies/' 



abound. The Soviet Union, Eastern Europe, and developing countries 
have an even larger untapped potential for efficiency gains.^' 

Technologies are already available that could quadruple the efficiency 
of most lightmg systems and double the fuel economy of new cars. 
Efficiency improvements in areas such as lighting, electric motors, and 
appliances could reduce the need for power by 40 to 75 percent— at less 
than half the cost of power from new generating plants. Heating and 
cooling needs of buildmgs could be cut even further through improved 
furnaces and air conditioners, as well as better insulation and windows. 
Over the next 30 years, industrial countries could reduce their energy 
use per capita by at least half without harmmg their economies. In 
developing countries, improved efficiency could allow energy con- 
sumption per capita to remain constant or increase modestly while their 
economies grow." 

Even with improved efficiency, total energy needs m 2030 are likely io 
remain similar to those today because of growing populatiomi and 
economies. To meet these needs and achieve a two-thirds cut in carbon 
emissions, the world will need to quadruple its renewable energy out- 

Eut. This would entail expanding the use of energy from biomass (bitv 
)gical sources such as wood or agricultural wastes) and hydropower, 
but more importantly would require large contributions from solar, 
wind, and geothermal sources. The technologies to harness these 
resources are now ready for widespread use— if they receive effective 
support in the years ahead.'' 



Power from the Sun 

Renewable energy resources are actually far more abundant than fossil 
fuels. The U.S. Department of Energy estimates that the annual influx of 
accessible renewable resources in the United States, for example, is 
more than 200 times its use of energy, and more than 10 times its recov- 
erable reserves of fossil and nuclear fuels. Harnessing these resources 
will inevitably take time, but according to a new study by U.S. govern- 
ment scientific laboratories, renewables could supply the equivalent of 
^ ' . 70 percent of current U.S. ener^ use by the year 2030.'" 



Contrary to popular belief, renewables— primarily biomass and 
hydropower— already supply about 20 percent of the world's energy 
Biomass alone meets 35 percent of developing countries' total energy 
lO needs, though often not in a manner that is renewable or sustainable in 
the long term And in certain industrial countries, renewables play a 
central role: Norway for example, relies on hydropower and wood for 
more than 50 percent of its energy " 

Steady advances have been made since the mid-seventies in a broad 
array of new energy technologies that will be needed if the world is to 
greatly increase its reliance on renewable resources, Indeed, many of 
the machines and processes that could provide energy in a solar econo- 
my are now almost economically competitive w ith fossil fuels. Further 
cost reductions are expected in the next decade as these technologies 
continue to improve. (See Table 4.) As leading solar scientists, Carl 
Weinberg and Robert Williams, wiote in Scientific Amertcati: "Electricity 
from wind, solar-thermal and biomass technologies is likely to be cost- 
competitive in the 1990s; electricity from photovoltaics and liquid fuels 
from biomass should be so by the turn of the century" The pace of 
deployment, however, will be determined bv energy prices and govern- 
ment policies. After a period of neglect in tne eighties, many govern- 
ments are now supporting new energy technologies more effectively, 
which may signal the beginning of a renewable energy boom in the 
years ahead.'' 

Direct com ersion of solar energy will likely be the cornerstone ot a sus- 
tainable worid energy system. Not only is sunshine available in great 
quantity it is more widely distributed thaw any other energy source. 
Solar energy is especially well suited to supplying heat at or below the 
boihng point of water (used largely for cooking and heating), which 
accounts for 30 to 50 percent of energy use in industrial countries and 
even more in the developing worid. A few decades from now, societies 
may use the sun to heat most of their water, and new buildings may 
take advantage of natural heating and cooling to cut enercv use by 
more than 80 percent.-^ 0/7 

Solar rays are free and can be harnessed w.th minor modifications in 
^ building construction, design, or orientation. In Cyprus, Israel, and 
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Table 4: Costs of Renewable Electricity, 1980-2030^ 

Technology 1980 1988 2000 2030 

(1988 cents per kilowatt- hour) 



Wind 


32- 


8 


5 


3 


Geothermal 


4 


4 


4 


3 


Photovoltaic 


339 


30 


10 


4 


Solar Thermal 

trough with gas assistance 
parabolic/central receiver 


24' 


8* 
16 


8 


5 


Biomass" 


5 


5 







'All costs are levelized over the expected life of the technology and are rounded, projected 
L .>ts assume return to high government R&D levels '1981 '1984 M989/1994 ^Estimates 
for 2030 have not been determmed, pnmanly due to uncertainty in natural gas pnces 
1982 "Future changes in biomass costs are dependent on feedstock cost 

Souree: Worldwatch Institute, based on Idaho National Engineenng Laboratory et al , The 
Potential of Renewable Enerj^y An Interlaboratory White Paper, prepared for the 
Office of Pohcy, Planning and Analysis, U S Dep<irtment of Energy, in support of 
the National Energy Strategy (Golden, Colo Solar Energy Research Institute, 
1990), and other sources 



Jordan, solar panels already heat between 25 and 65 percent of the water 
in homes. More than 1 million active solar heating systems, and 250,000 

Eassive solar homes, which rely on natural flows ot warm and cool air, 
ave been built in the United States. Advanced solar collectors can pro- 
duce water so hot — 200 degrees Celsius— that it can meet the steam 
needs of many industries. Indeed, using electricity or directly burning 
fossil fuels to heat water and buildings may become rare during the 
next few decades.* 

Solar collectors, along with other lenewable technologies, can also turn 
-^un's rays into electricity. In one design, large mirrored troughs are 



used to reflect the sun's rays onto an oil-filled tube that produces steam 
for an electricity-generating turbine A southern Califomian company, 
^ Luz International, generates 354 megawatts of power with these collec- 
tors and has contracts to install an additional 320 megawatts. The 
newest version of this "solar thermal" system turns 22 percent of the 
incoming sunlight into electricity. Spread over 750 hectares, the collec- 
tors produce enough power for about 170,000 homes for as little as 8c 
per kilov^att-hour, already competitive with generating costs in some 
regions." 

Future solar thermal technologies t:re expected to produce electricity 
even more cheaply Parabolic dishes follow the sun and focus sunlight 
onto a single point where a small engine that converts heat to electricity 
can be mounted, or the energy transferred to a central turbine. Since 
parabolic dishes are built m moderately-sized, standardized units, they 
allow for generating capacity to be added incrementally as needed. By 
the middle of the next century, vast areas of and and semiarid country- 
side could be used to produce electricity for export to power-short 
regions. '2 

Photovoltaic or solar cells, which convert sunlight into electricity direct- 
ly, almost certainly will be ubiquitous by 2030. These small, modular 
units are already used tc power pocket calculators and to provide elec- 
tricity in remote ar^us. Within a generation, solar cells could be 
installed widely on building rooftops, along transportation rights-of- 
way, and at central generating facilities. A Japanese company, Sanyo 
Electric, has incorporated them into roofing shingles.'' 

Over the past two decades, the cost of photovoltaic electricity has 
fallen from $30 a kilowatt-hour to just 30c. The forces behind the 
decline are steady improvement in cell efficiency and manufacturing, 
as well as a demand that has more than doubled every five years. 
These cost reductions mean that in rural areas, pumping water with 
photovoltaics is already often cheaper than using diesel generators. 
Solar cells are also the least expensive source of electricity tor much of 
the rural Third World; more than 6,000 villages in India now rely on 
them, and Indonesia and Sri Lanka also have initiated ambitious oro- 
grams."^ 
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"In rural areas, pumping water with 
photovoltaics is already often cheaper 
than using diesel generators." 



photovoltaics, because of their lower projected cost, might eventually 
take over the central generating role of solar thermal power By the end 
of this decade, when solar cell electricity is exi:>ected to cost lOc a kilo- 
watt-hour, some countries may be turning to photovoltaics to provide 
power for well-established grids. By 2030, photovoltaics could provide 
a large share of the world's electricity — for as little as 4c a kilowatt- 
hour^^ 

Another form of solar energy, wind power, capture* the energy that 
results from the sun's unequal heating of the earth's atmosphere. 
Electricity is generated by propeller-driven mechanical turbines 
perched on towers located in windy regions. The cost of thiL source of 
electricity has fallen ^rom more than 30c a kilowatt-hour in the early 
eighties to a current erage of just 8c. By the end of the nineties, the 
cost is expected to be around 5c. Most of the price reductions have 
come from experience gained in California, which accounts for nearly 
80 percent of the world's wind-produced electricity. Denmark, the 
world's second-largest wind energy producer, received about 2 percent 
of its power from wind turbiiics in 1990.^ 

Wind power has a huge potential. It could provide many countries 
with one-fifth or more of their electricity. Some of the most promising 
ar^as are in northern Europe, northern Africa, southern South America, 
the U.S. western plains, and the trade wind belt around the tropics. A 
single windy ridge in Minnesota, 160 kilometers long and 1.6 kilome- 
ters wide, could be used to generate three times as much wind power as 
California gets toddy. Even more productive sites have been mapped 
out in Montana and Idaho.'^ 

Livin^ green plants provide another means of capturing solar energy. 
Thn ugh photosynthesis, they convert sunlight into oiomass that, 
burned in the form of wood, charcoal, agricultural was'es, or animal 
dung, is the primary source of energy for nearly half the world — about 
2.5 biUion people in developing countries. Sub-Saharan Africa derives 
some 75 percent of its energy from biomass, most of it using primitive 
technologies and at considerable cost to the environment."^ 

Many uses of bioenergy will undoubtedly increase in the decades 
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ahead, though not as much as some enthusiasts assume. Developing 
nations will need to fmd more sophisticated and efficient means of 
using biomass to meet their rapidly increasing fuel needs. With many 
22 forests and croplands already overstressed, and with food needs com- 
peting for agricultural resources, it is unrealistic to think that ethanol 
distilled from corn can supply more than a tiny fraction of the world's 
liquid fuels. And shortages of irrigating water rray complicate matters, 
especially in a rapidly wanning world. 

In the future, ethanol probably will be produced from agricultural and 
wood wastes ra.her than precious grain. By employing an enzymatic 
process, rather than inefficient fermentation, scientists have reduced the 
cost of wood ethanol from $4 a gallon to $1.35 over the past 10 years, 
and expect it to reach about 60c a gallon by the end ot the nineties. 
Within a few decades, however, liquid fuel from biomass will be at a 
premium as oil production declines.*"' 

More efficient conversion of agricultural and forestry wastes to energy 
could boost biomass energy's role in the future, particulariv in develop- 
ing countries already reliant on this sor'^e. Wo^ stoves tfiat double or 
treble today's efficiency levels alreauy exist, and better designs are 
underdevelopment. For modular electricity generation, highly effi- 
cient gas turbines fueled by biomass can be Duilt even at a very small 
scale. Some 50,000 megawatts of generating capacity, 75 percent of 
Africa's current total, could come from burning sugarcane residues 
alone. In the future, integrated fanning systems, known as agroforestry, 
could produce fuel, food, and building materials.*' 

Hvdropower now supplies nearly a fifth of the world's electricity. 
Although there is still ample growth potential, particulariy in develop- 
ing countries, environmental constraints will greatly limit such devel- 
opment. Small-scale projects are generally more promising than the 
massive ones favored by governments and international lending agen- 
cies. Smaller dams and reservoirs cause less social and ecological dis- 
ruption. In deciding which hydropower resources to develop, issues 
such as land flooding, siltation, and human displacement wilfplay an 
important role. These considerations wiil likely keep most nations from 
exploiting all of their potential.*^ 
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Another important element of a renewable-based energy system is 
geothermal energy—the heat of the earth's core. This is not strictly a 
renewable resource, however, and it needs lo be carefully tapped so as 
not to deplete the local heat source. Since geothermal plants can pro- 
duce power more than 90 percent of the time, they can provide electrici- 
ty when there is no sun or wind. 

Geothermal resources are localized, though found in many regions. 
V;orldwide, more than 5,600 megawatts' wor*"^ of geothermal power 
plants have been built El Salvador gets 40 percent of its electricity from 
the earth's natural heat, Nicaragua 28 percent, and Kenya 11 percent. 
Most Pacific Rim countries, as well as those along East Africa's Great Rift 
Valley and around the Mediterranean, could tap geothermal energy. 
Virtually the entire country of Japan, for example, lies over an enormous 
heat source that one day could meet much of the country's energy needs.*' 

While fossil fuels have been in storage for millions of years, renewable 
energy is in constant flux— replenished as the sun shines. While not a 
constraint in the near future, the intermittent nature of sunshine and 
wind means that the large-scale use of renewables will need to be 
backed by some form of energy storage. Indeed, biomass energy and 
hydropower are the only forms that can be stored easily Developing], 
new and improved storage systems is therefore one of the key chal- 
lenges in building a sustainable energy economy. 

Heat below the boiling point of water can be stored in simple devices 
that rely on water, bedrock, oil, or salt. Thermal storage systems pump 
heat captured on sunny summer days through these substances, and 
then extract the heat when it is needed, such as on a cold winter night. 
Such systems can recover as much as 85 percent of the heat originally 
captured. Already some 30 large solar-storage installations have been 
built in Europe, including 10 district heating systems in Sweden. 
District heating traditionally employs a central fossil-fuel-buming plant 
thdt delivers steam or hot water to neighboring build ingi; the Swedish 
plants, however, use stored sunlight to supply heat to nearby schools, 
office buildings, and apartments.** 

Storing electricity is a greater challenge. Pumped hydroelectric storage 
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systems — which elevate water to a reservoir, then crop it through a tur- 
bine to produce electricity — are now used in some regions. Though 
their use is growing, pumped storage systems will likely be limited by 
the availability of sites and by enviionmental objections to dam build- 
ing. Another less disruptive alternative is a storage system that uses 
electricity to compress air into an underground reservoir. When power 
is needed, the air is released, heated up, and forced through a turbine. 
As with pumped-hydro, compressed-air storage systems can achieve 
about 70-percent efficiency. A 290-megawatt system is already operat- 
ing in Germany. Another technology, sup>erconducting magnets, could 
offer highly efficient and inexpensive electricity storage, accoiding to 
scientists, but it will not be ready for at least several decades.*' 

Battery storage is a more flexible alternative. Home photovoltaic panels 
can be hooked up to batteries, as can utility-scale wind or solar plants. 
Batteries could also play a role in transportation, without greatly 
increasing electricity demand. If electric cars were used for one-quarter 
of U.S. auto travel, total electricity use would rise only 7 percent. At 
today's electricity prices, electric cars are already competitive with 
gasoline-driven ones in terms of fuel price. The challenge is to reduce 
the cost and extend the range of batteries beyond the current limit of 1 25 
kilometers. During the early nineties, several major auto companies are 
scheduled to introduce electric vehicles.*** 

Several new batteries are being developed. One cell that has been test- 
ed, the sodium sulfur battery, is more efficient, more compact, longer 
lasting, and lighter than current lead-acid models. But it requires fur- 
ther improvements before commercial use, including cheap>er ways to 
keep the battery hot enough to function properly*^ 

Hydrogen is the strongest candidate for large-scale storage. It is the 
cleanest burning fuel, producing only water vapor and small amounts 
of nitrogen oxides. These emissions car be reauced with lower com- 
bustion temperatures and nearly eliminated with specially designed 
catalytic converters. Hydrogen also can be burned in place of 
petroleum, coal, or natural gas.*** 

The chemical indus ry currently produces hydrogen from fossil fuels, 
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"If electric cars were used for one-quarter 
of U.S. auto travel, total electricity use 
would rise only 7 percent." 



l It can «ilso bo made by electrolysis splitting water molecules into 
«,ydrogen and oxygen with an tlectnc cunvnt. German and Saudi engi- 
neers are developing electrolysis systems powered by electricity from 
photovoltaic cells Proponent's of solar hydrogen envision huge desert 
photovoltaic farms connected by pipelines to cities. Hydrogen can be 
stored in metal hydrides— metal'powders that naturally absorb gaset^us 
hydrogen, and release it when heated — or in pressunzed tanks or under- 
gixiund reserwirs, thus providing a readily accessible form of energy.'' 

Hyirogen can also be used to generate electricity without producing 
nitrogen oxides bv chemically combining it with oxygen in a fuel cell 
Hydrogen fuel cells are 70-pt^rcent efficient and could be used in hydro- 
gen-powen?d electric cars. Internal combustion engines, by compari- 
son, rarely convert even 25 percent of gasoline to usable energy, while 
standard jxmer plants operate at abt^ut 35- percent efficiency'* 

The shape of a renewable energy system is beginning to emerge. What 
stands out is the enormous abundance and vers<itility ot the available 
resources. It seems certain that the mix of technologies used in a solar 
economy would be diverse; the energy sources harnessed would var\' 
with the climate and natural resources of each region. Northern 
Europe, for example, would probably rely on a mixture ot wind, 
biomass, solar, and hvdropower, while northern Africa and the Middle 
East would depend more on direct sunlight. Wixxl, agricultural wastes, 
sunshine, and geothermal energy would likely pnn ide energy through- 
out Southeast Asia. 

No completely new technologies are needed to bring this transforma- 
tion about, only modest, achievable advances in those alaMdy in use or 
underdevelopment. Unlike nuclear power plants, each of wl ich takes 6 
to 10 years to build, renewable energy technologies an? generally small 
and modular, and can evolve rapidly in a single decade. Renewable 
energy is already well ahead of fusion energy technologies, for exam- 
ple, which have received several billion dollars of government funds 
without pnxlucing even a detailed design for a workable pcnver plant." 

Vastly improved energy efficiency— along with being intrinsically 
important in any effort to move aw'ay from fossil fuels— is the key to 
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making a sustainable energy system work. If a home's electricity needs 
are cut by two-thirds, for example, the investment cost for a rooftop 
photovoltaic power plant could be halved. Similarly, a highly efficient 
ZO electric car would go further and would need smaller batteries than a less 
efficient one, reducing its cost and weight. Thus, the development of 
more enerey^fficient technologies is as crucial to the viability of an econ- 
omy based on renewable energy as the solar technologies themselves. 

One significant aspect of a renewable energy system is that it must be 
built virtually from scratch in every country. Although the rich nations 
will have an obvious advantage in terms of technical knowledge and 
investment capital, developing countries in many cases have extensive 
renewable energy resources, and will have lower conversion costs. 
Renewable energy will also help protect developing countries from the 
devastating fluctuations in the world oil market that have so complicat- 
ed their development plans in recent years. 



A Policy Agenda 

The technologies are at hand to initiate an histc ic energy transition, but 
fonnidable barriers remain. The largest obstacles art political and insti- 
tutional. Cari Weinberg, the director of research and development at 
the Pacific Gas and Electric Company, the largest U.S. electric utility, 
notes: "The rules of the present energy economy were established to 
favor systems now in place. Not surprisingly, the rules tend to be 
biased against solar energy" Most of these rules were created decades 
ago, when the central issue was how to expand fossil fuel use rapidly. 
Hastening the transition to a sustainable energy economy requires a 
major shfft in priorities— a shift that ev^sting institutions and industnes 
may find threatening.'^ 

The process of dismantling outdated energy policies began in the sev- 
enties in response to two major oil crises. The reforms proceeded halt- 
ingly during the eighties, encouraged by growing awareness of 
environmental problems but slowed by declining oil prices. 
Nonetheless, many needed changes are beginning to appear— occasion- 
ally with startling success. The first step has already been taken by 15 
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"Governments routinely provide 
inappropriate subsidies to 
traditional energy sources." 



mdustnal countries: the adoption of national goals to limit the produc- 
tion of carbon dioxide, the major gn?enhouse gas, while meeting energy 
needs economically and with minimal envr cental damage. 

Such goals can provide the basis for a wholesale reordering of energy 
priorities, so as to redirect government policies to improve energy effi- 
ciency and expand the use of renewable energy. While needed policy 
changes number in the hundreds, this paper focuses on four priorities: 
reducing subsidies for fossil fuels and raising their taxes to reflect secu- 
rity and environmental costs; increasing research and development of 
efficiency and renewable energy technologies; reforming the electric 
utility industry; and strengthening state and local energy policies. The 
expansion of natural cas use is another priority, but will occur even 
without major policy changes. 

Energv price reform is a prerequisite to the development of a sustain- 
able energy system. Today, governments routinely provide inappropri- 
ate subsidies to traditional energy sources, keeping prices artificially 
low and encouraging energy waste. Among the worst examples are 
China, wher^ coal costs about one-quarter the world market price, and 
the Siwiet Union, where oil is still traded among state companies for 
less than $1 a barrel. Market reforms in the centrally planned countries 
may provoke changes in these policies. The price of Soviet oil, for 
example, is scheduled to triple in 1991.'' 

In the industrial market countries, smaller but still pernicious subsidies 
exist. Energy industries in the United States received federal subsidies 
worth more than $44 billion in 1984 (the most recent data available). 
President Bush's successful 1990 effort to gain $2.5 billion in additional 
tax breaks for the U.S. oil and gas industi / is a recent example of the 
special treatment still received by entrenched industries."* 

As subsidies are removed, govtinments can also take steps to ensure 
thai fossil fuel prices reflect their full security and environmental price 
tag. The cost of deploying armed forces in the Persian Gulf, for example, 
IS not now being paid by consumers of Middle Eastern oil. Counting 
the cost of U.S. preparations for war in the region, even before the 1990 
tnx)p deployment, for example, would add more than $60 to each barrel 



of oil imported into the country, according to Alan Tonelson and 
Andrew Hurd of the Economics Strategy Institute, in Washington, D.C. 



pnce tag of $10 to $20 billion for first six months alone." 

Fossil fuel burning is exacting an even larger cost on the health of people 
and ecosystems around the globe. In the United States, air pollution 
froka automobiles, for example, is estimated to add more than $40 billion 



Including such costs in the price of energy would allow markets to more 
accurately determine the least expensive means of meeting energy 
needs. Governments could accomplish this by taxing energy to incorpo- 
rate environmental costs into the price paid by consumers.** 

A 1990 study by researchers at Pace University, m White Plains, New 
York, reviewed various es^mates of the environmental costs of electricity 
technologies. The study found that electricity from coal would need to be 
priced at least 100 percent higher to cover its environmental costs, chiefly 
those resulting from air pollution-related damage. Oil-generated electric- 
ity would need to rise at least 50 percent, and natural gas much less.'' 

Seventeen U.S. states are already incorporating environmental costs in 
their regulation and planning of electric utilities, though at levels far 
below those that might be justified. European countries are also begin- 
ning to account for the costs of pollution, primarily through increar?d 
taxes. Sw ?den, for example, proposed taxing sulfur and nitrogen oxide 
emissions in April 1990; the following month, France instituted a tax on 
sulfur dioxide emissions. Italy started taxing low-sulfur fuels at half the 
rate of high-sulfur fuels in July 199u. " 

Energy taxes are another effective policy tool. Most countries already 
tax energy, though the levels vary widely The most popular energy tax 
is on gasoline. In Europe and Japan, gasoline taxes now range from 
$1.44 to $3.56 per gallon, resulting in total retail prices of $4 to $5 per 
gallon in some countries. (See Table 5.) In the United States, however, 
the combined federal and state tax averages just 30c per gallon, and is 
scheduled to rise modestly to 35C per gallon in December 1990. The 
inability of the United States to lev y a higher gasoline tax is both a stim- 
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the American Lung Association. 
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Table 5: Gasoline Prices and Taxes, Selected Countries, October 1990 
Price 

Nation (including tax) Tax Eg^^valent Carbon Tax^ 



(dollars/gallon) (dollan/ton of carbon) 

United States 1.32 .30 121 

Japan 3.44 1.44 575 

Germany 3.52 1.97 787 

United Kingdom 3.71 2.08 833 

Fiance 4.32 2.95 1,181 

Italy 5.19 3.56 1,423 



'Current gasohne taxes translated into a levy on the carbon conten* of fuel. 

Sources: Karen Treanton, Statistics Department, International Energy Agency, Pans, pn^ 
vate communication and pnntout, November 2, 1990; Carbon content of gaso- 
line from Gregg Marland, "Carbon Dioxide Emission Rates for Conventional 

andSynthericR^eW'£Mfr^,Vol8,No 12,1983. 

ulus for the country's energy waste and a contributor to its huge federal 
budget deficit.^ 

Another way ct reflecting environmental costs is a broader energy tax 
linked to emissions of carbon dioxide. Such a tax would directly incor- 
porate the anticipated costs of global warming in the p 'ces paid for 
energy Under such a levy, coal would be taxed the heaviest, since it 
releases the most carbon dioxide when burned, followed by oil, and 
finally natural gas. Nuclear power and renewable energy sources, 
which do not release carbon dioxide directly, would go untaxed. A rea- 
sonably high carbon tax could greatly accelerate the deployment of 
energy^fficient and renewable energy technologies. 

Carbon taxes are fast becominga reaUty in Europe. Finland introduced 
such a tax in ^anuary 1990, the IXitch government followed in February, 
and Sweden will levy one in January 19S»1 . Germany Norway, and 
Switzerland are also weighing carbon taxes, while most of the taxes 
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proposed so far are relatively small, a larger tax of at least $100 per ton 
of carbon would be needed to significantly affect energy trends, A 
$100-per-ton tax, if adopted worldwide, would raise more than $500 bil- 
lion per year, the bulk of it from industrial countries. While this may 
seem like a huge sum, most countries already tax gasoline at an effec- 
tive rate of more than $100 per ton. Indeed, Italy's current gasoline tax 
is equivalent to a carbon tax of more than $1,400 per ton.*"' 

Some analysts argue that energy taxes will lead to economic chaos, not- 
ing that higher energy prices in 1973 and 1979 had a devastating effect. 
But as Harvard economist Dale Jorgenson has shown, two-thirds of the 
economic slowdown after the oil shocks of the seventies was caused by 
the speed of the energy price increases. If price rises are gradual, as 
planned m most carbon tax proposals, the threat of an energy-price- 
induced recession can be removed. Indeed, European countries and 
Japan already have energy taxes far greater than those in the United 
States, yet their economies are, if anything, stronger.'*' 

One energy model examined by the U.S. Congressional Budget Office 
found that a slowly phased-in $110-per-ton carbon tax would reduce 
carbon emissions 27 percent from 1988 levels by the year 2000, and 
reduce the country's economic output that year by less than 1 percent. 
Another analysis, by William Chandler of Pacific Northwest 
Laboratories in Washington, D.C., concluded that a $94-per-ton carbon 
tax v^ould hold carbon emissions at today's level by the year 2000. Such 
a tax could actually boost economic output if it were used to offset other 
taxes, and if cost-effective investments in energy efficiency were the 
main response to the higher prices."- 

Changing energy prices will not remove all the barriers to a sustainable 
energy economy, however. Basic reforms of energy institutions and 
industries are a second priority— particularly the publicly owned or 
regulated electric utilities. These companies were set up to create large 
electric power systems rapidly from scratch, and they mainly succeed- 
ed: electricity now represents rouehly one-third of the world's primary 
energy supply. Whether privately owned, as in the United States, or 
state-owned, as in France and India, these utility monopolies are now 
anachronistic. At a time when the world needs to use electricity more 



"lUl/s current gasoline Ux 
is equivalent to a carbon tax 
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efficiently and develop new and cleaner ways to generate power, major 
reforms are in order.'^' 

Since the earlv eighties, a growing number of countries nave begun to 
rebuild their electric utility systems in a more flexible, decentralized, 
and competitive mold. These reforms have vaned from the encourage- 
ment of an independent power industry in Costa Rica to the sale of the 
national electric power system to private investors in the United 
Kingdom. Pakistan p. id Portugal are allowing private companies to 
build their own plants and sell power to the utilities, while Norway is 
stripping Its {.powerful national utility company of its monopoly status. 
(See Table 6.) No country has completed the process of utility reform, 
and most have a long way to go.*^ 

The broadest efforts at utility reform are found in the United States, 
where diverse state-by-state efforts have been underway since the pas- 
sage of the federal Pubhc Utility Reform and Policies Act of 1978. In 
California, for example, state regulators have required the privately 
owned companies that provide most of California's electricity to invest 
in energy efficiency, not just power plants. As a result of their efforts, as 
well as additional policy measures, per capita use of electricitv in the 
state actually fell slightly between 1978 and 1988, compared with an 11- 
percent rise in the rest of the United States. Even more striking, 
California eliminated the need for $10 billion worth of new power 
plants and reduced electricity consumption per dv>llar of gross state 
product by 17 percent.*^' 

Cahfornia officials expect future gains to exceed those of the past. In 
August 1990, the state's four largest utilities agreed to spend $500 mil- 
lion over two years on improved energy efficiency; state regulators will 
ensure that the utilities profit from these investments, more than com- 
pensating them for the lost revenues from reduced electricity sales. 
Consumers will benefit as well, since their electric bills will be lower 
than if the utilities built expensive new power plants. New York, 
Oregon, and five New England states now have similar progiams. 
Utilities are gradually being converted from energy producers to ener- 
gy service companies, and the California Energy Commission believes 
^^^--s change may soon stop the growth of electricity demand.'^ 
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Table 6: Electric Utility Reform, Selected Countries, October 1990 
Nation Description of Action 



Brazil 
Costa Rica 
Denmark 

Dominican Republic 
Germany 

Norway 
Pakistan 
Portugal 

Thailand 
United Kingdom 
United States 



independent oower producers permitted to 
connect to electriaty grid 

Utilities required to pay competitive pnces to 
independent power producers 

Utilities required to purchase power from 
independent renewable power producers and 
distnct heating plants 

Utilities required to pay competitive pnces to 
independent power producers 

Independent power generation being 
encouraged; competitive prices to be p^^iH 
to renewable energy producers 

Utility reform approved, aimed at increasing 
competition in electricity generation 

Incentives offered for independent power 
pnxiuc 

Power plant construction and ownership 
being shifted to private companies; 
independent power producers, including 
renewables, emerging 

Limited sale of state-owned utihty planned, 
incentives for cogeneration and biomass 
producers 

State-owned utility being broken up and sold 
to private investors, independent producers 
emerging 

Reforms by individual states including 
competitive bidding, integrated resource 
management, and ina»ntives for efficiency 
investments 



Source: Worldwatch Institute, based on vanous sources 
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Since the early eighties, Cahfomia has also required utilities to purchase 
rjwer from qualifying private companies. In just a decade, the state 
!ias developed a thriving independent and renewable electricity sys- 
tem In 1990, 12 percent of the state's electricity is expected to come 
from alternatives such as geothermal, solar, wind, and biornass^ 
Renewables, including hydroelectric power, now produce more than 4U 
percent of the state's electricity. By encouraging energy sources that are 
inflation- and embargo-proof, California demonstrated that with the 
rieht policies, energy transitions need not be long, painful affairs. 
Indeed, California has cut emissions of carbon dioxide in electric power 
generation by 17 percent during the past decade, despite rapid growth 
of the state's economy and population.*"" 

Today, California and several other states are working on new policies 
to encourage more independent power development a. the lowest pos- 
sible cost. The key is to create a bidding system that allows companies 
to compete against each other for the right to produce power— the kind 
of competition that exists in any market. While devising bidding rules 
is extraordinarily complex, these rules are crucial to the pace of devel- 
opment of new energy systems. 

So far, most governments have been slow to open their oower indus- 
tries to competition. Some corripanies have been sold to private 
investors but retain their monopoly status, while in nations such as 
Germany, only small renewable producers are permitted to join the 
competitive power ma-ket. This slow prtigress reflects the enormous 
political strength of utilities, and skepticism about the reliability of a 
redesigned power industry But strong evidence now shows that, while 
power-transmission and distnbution need to be a regulated monopoly, 
the generation business works better as a competitive, market-regulat- 
ed enterprise. A main role of utility companies in the decades ahead 
may be on the demand side-providing the capital and expertise need- 
ed to drastically improve energy efficiency.'^ 

Local governments also play a large role in shaping energy trends. 
They are best equipped to encourage energy savings in housing, trans- 
portation, land use planning, and solid waste policies. Transportation 
buildings together account for nearly two-thirds of all the energy 
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consumed in industrial countries Building codes in many areas have 
been modified recently to include tougher energy standards for new 
construction. Since 1986, for example, Washington State has required 
that ite new buildings be far more efficient than the U.S. norm, with esti- 
mated savings over sey^n years averaging $328 for each household. In 
most regions, standards need to be tightened and energy consumption 
in existing buildings cut through wealherization programs."" 

A sustainable transportation system can only be created with policies 
that reduce reliance on automobiles and encourage a switch to public 
transport, biking, and walking. RestiicHng cars in urban centers, partly 
through parking bans, and providing bicyclists and pedestrians with 
sate routes will help to reduce energy consumption. Copenhagen for 
example, has banned all on-street parking in the city center, while pro- 
viding ample bicycle parking cfowntown and at rail stations In 
California, cities such as San Diego and San Jose are moving back to 
commuter rail transportation, to relieve congestion and pollution.^' 

Other policies are needed to control urban sprawl. The density of 
human settlements is not an accident, but results from decisions made 
by local and regional officials. Careful land-use planning can reduce 
transportation needs, primarily by increasing develop, lent density and 
consolidating jobs, homes, and services near public transport Cities 
can use tax incentives and zoning regulations to achieve these goals.-' 

Some governments have model policies that cut energy bills and 
enhance self-reliance. Saarbrucken, Germany for example cut energy 
consumption nearty 20 percent between 1980 and 1989 with a comp^ 
hensive conservation program run by the city's public utility company 
I ortlmd, Oregon, approved an energy plan in 1979 to encourage ener- 
gy conservation in buildings to counter growing energy bills The city 
adopted a new prog-am in 1990 that strengthens existing conservation 
measures and also encourages a shift from automobiles to buses, light 
rail, bicycles, and walking.^ ^ 

City policies can also promoie the use of renewable energy resources 
i ortland has an ordinance that protects thf right of building owners to 
capture the sun's rays for heating. Saarbrucken and Bertin are planning 
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to install photovoltaic cells on the roofs of city buildines. And Tucson, 
Arizona, is planning a 300-hectan? solar village that will minimize ener- 
gy needs and maximize the use of renewable resources.'' 

Energy rcsearch-and-development programs are even more in need of 
reform. In 1989, the 21 member governments of the International Energy 
Agency (IE A) spent three-quarters of their $7.3-billion energy researcn 
budgets on nuclear energy and fossil fuels. (See Table 7.) West Germany 
sf)ent $179 million on nuclear research in 1989, more than 36 percent of its 
total energy research budget, while Spain spent 51 percent and the United 
Kingdom 54 j^ercent. Only one of these countries nas even a single com- 
mercial nuclear plant under construction. While the problems of radioac- 
tive waste disposal and plant decommissioning still need reseaich, costly 
efforts to develop new plant designs — particularly breeder reactors that 
produce bomb-grade materials — are badly out of date.'* 

Another example of skewed priorities is the $883 million spent on 
nuclear fusion research in 1989 by the lEA countries — more than was 



Table 7; Energy R&D Spending by lEA Governments, 1989 



Technology 


Amount 


Share 




imilluin dollars) 




NucL r Fission 


3,466 


47 


Fossil Fuels 


1,098 


13 


Nuclear Fusion 


883 


12 


Renewables 


489 


7 


Conservation 


367 


3 


Oiher 


1,039 


14 


TOTAL 


7>43> 
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Source: Internalional Energy Agency, Pohctcs aud Pw^^ramtrtt-s of lEA Coufttrh">. }989 
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spent on all efficiency and renewable technologies. Any contribution 
from fusion in the next 50 years is doubtful; a recent study by a U.S. 
Department of Energy advisory committee estimated that the first com- 
mercial fusion plant would not be operating until at least 2040.^ 

Other energy boondoggles abound. For example, the British govern- 
ment and the European Community are financing the development of a 
manufacturing process to convert coal to f>etroleum. The $65 million to 
be spent on this extremely carbon-intensive fuel is nearly three times 
total U.K. spending on renewable energy research in 1989. In the 
United States, industry and government plan to spend $5 billion in the 
nineties to develop so-called "clean coal" technologies. The new com- 
bustion methods lower emissions of sulfur dioxide significantly, but 
have little effect on carbon dioxide. At a time when coal use needs to be 
cut drastically, investing billions oi dollars on ways to use more of it is a 
clear example of misplaced priorities.'" 

Sadly, most dev il oping countries are doing no better. India, for exam- 
ple, has a huge anci costly nuclear research establishment that for three 
decades has contributed almost nothing to the country's energy supply. 
Less than 1 percent of the Indian government's energy outlays go to 
renewable sources (excluding large hydroelectric dams), even though 
renewables, especially fuelwood, account for 40 percent of the country's 
energy use.^ 

The challenge in India and around the world is to reprioritize research 
spending so that it reflects today's needs, rather than the political clout 
of existing industries. In the United States, for example, the National 
Research Council issued a 1990 report recommending that 10 percent of 
the civilian energy research budget be reallocated from magnetic fusion 
and fossil fuel research to conservation and renewable programs. That 
would provide efficiency and renewables with around $300 million 
more each year, a 77-percent increase.^ 

In all lEA cour*^ries, only $856 million was invested in renewables and 
improved efficiency research in 1989, down from $931 million the previ- 
ous year. Indeed, measured in real dollars, spending on these programs 
declined throughout the eighties, paced by drastic cutbacks in the 



United States. (See Figure 3.) While research on renewables and effi- 
ciency has continued to yield many worthwhile technologies, the pace 
of progress has been slowed by budget cuts. However, tne budgetary 
nadir of these programs may be pdst. Several countries are now plan- 
ning to increase funding of efficiency and renewables research in 
response to environmental concerns. In the United States, for example, 
the fiscal 1991 budget approved by Congress included a 45-percent 
increase in renewables spending and a 21 -p>ercent increa^ for efficiency."^ 

With energy problems now a global i^ue, international energy institu- 
tions h:;ve important new roles to play. Unfortunately, many of these 
institutions still reflect the needs and priorities of earlier decades. For 

Million 1989 
Dollars 



2,000 



1,50:^- 



1,000- 



500- 



Renewabl 




1979 



— I — 

1981 



1983 



1985 



1987 



1989 



Figure 3: Energy R&D Spending by lEA Governments, 1979^1989 
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example, nuclear power is the only energy source with a United 
Nations body dedicated to its advancement. This organization, the 
International Atomic Energy Agency (IAEA), has a 1991 budget of $179 
38 million, with additional voluntary contributions of $70 million expect- 
ed. While the lAiI A has one essential role — monitoring nuclear prolif- 
eration—it also actively promotes the export of nuclear power to 
developing nations. A similar orgarazation, the Nuclear Energy Agency, 
exists to facilitate atomic cooperation between industrial countries.*' 

It is time to reconsider the IAEA's promotional role, which does not 
reflect the positions of many of the governments that fund it. The agen- 
cy's programs are aimed principally at developing countries, which get 
40 percent of their energy from renewables and less than 1 percent from 
nuclear energy. In recent years, many of these poor nations have 
slowed nuclear expansion, while stepping up their commitment to 
renewable energy sources. International institutions need to catch up 
with this shift in priorities.**' 

Broader reforms are also needed, such as more concerted efforts to 
assist developing countries improve energy efficiency and harness 
renewable energy resources. One way of doing this is to increase fund- 
ing of energy projects by the United Nations Development Program, an 
organization with a $900-million annual budget. Former West German 
Chancellor Willy Brandt has suggested the further step of creating an 
International Solar Energy Agency (ISEA). This body would provide 
developing countries witn support for research, advice on how to build 
production facilities, and exchanges of information and personnel on 
renewable technologies.® 

The problem facing developing countries is in part a shortage of capital 
and in part a misallocation of funds. Multilateral lending organiza- 
tions, including the Worid Bank and the regional development banks, 
provide developing countries with huge sums for energy 
projects — more than for any sector except agriculture. Energy account- 
ed for 16 percent ($3.3 billion) of the World Bank's $21 billion in loans in 
1990. These loans attract even more money by encouraging parallel 
lending by commercial banks and other development institutions. In 
Q 'Thina in particular, the failure to invest adequately in improved energy 
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^Only about 3 percent of the World Bank's 
energy and industry loans in 1989 went to 
improving the efficiency of eneigy use." 



efficiency will cause carbon dioxide emissions from coal plants to soar 
in the years ahead.*' 

Despite the World Bank's supposed new environmental awareness, 
only about 3 percent of its energy and industry loans in 1989 went to 
improving the efficiency of energy use. Renewables (other than 
hyaropower) received virtually nothing. Significantly increasing multi- 
lateral lending for renewables and efficiency is essential if these energy 
sources are to expand rapidly in developing countries during the 
nineties.*" 

Current lending programs also encourage energy-intensive industries 
and products, something that is not helpful to most poor countries. By 
instead promoting domestic production of efficient refrigerators, air 
conditioners, electric motors, and other energy-consuming devices, 
poor countries could cut the exp)ected growth in their power sectors by 
30 percent or more, with large economic savings. In India, for example, 
instead of building a factory to produce standard incandescent light 
bulbs, the World Bank could fund the construction of plants to make 
energy-efficient fluorescent light bulbs. A single $7-million factory 
could produce 12.3 million bulte over seven years, enough to save India 
the equivalent of more than 1,500 megawatts of coal-burning electrical 
capacity. That translates into $2.4 billion in savings, mostly from not 
having to build new power plants.''' 

The process of transforming energy institutions is no less challenging 
than the development of new energy technologies. The transformation 
will take many years to accomplish, but is likely to accelerate as policy 
makers awaken to the environmental and economic challenges they face. 



Energy and Jobs 

Political leaders tend to guard the status quo, neglecting the fact that 
successful economies are dynamic, changing constantly over time. The 
evolution of technologies and of society itself naturallv reshapes the 
economy, including the job market. With the automobile's advent, for 
example, service station attendants and mechanics replaced black- 
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smiths and wainwrights. Although this can be a painful process, it also 
creates new employment opportunities. 
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I>efenders of the status quo contend that reduced energy consumption 
will lead to massive layoffs in energy-producing industries. To the con- 
trary, a sustainable energy economy would likely have more jobs than 
one based on fossil fuels— primarily because improving energy efficien- 
cy creates more employment than supplying energy. In the future, the 
number of jobs in energy will probably grow, and the skills in demand 
shift dramatically. 

Energy industries are not currently a major source of employment. In 
Poland, Canada, and India, for example, 4.4, 2.5, and 1 {percent of jobs, 
respectively, are in energy and mining. Some 1.5 million 
mericans— 1.4 percent of the labor force— worked in energy produc- 
tion and conversion in 1988. This includes jobs in coal mining, the oil 
and gas industry, and electric and gas utilities.* 

The trend in industrial countries is toward fewer such jobs. Coal mm- 
ing employment in the United States fell nearly 40 percent between 
1980 and 1988, from 246,000 to 151,000, despite a 14-percent increase in 
coal production. The number of employees in the nation's oil and gas 
mdustry shrank from 715,000 to 528,000 over the same period. One 
minor exception to this trend is in electric utilities, where the number of 
employees, primarily service workers, rose 10 percent, to 648,000 work- 
ers. However, most of this increase likely has been offset by a loss of 
construction jobs as spending on new power plants declined 40 percent 
in the eighties.**^ 

Most energy industries are capital-ii, .ensive and create relatively few 
jobs. The oil and gas industry in Alberta, Canada, for instance, gener- 
ates 1.4 jobs for $1 million worth of capital investment, while other sec- 
tors of the economy average more than 10 jobs. Manufacturing, by 
comparison, yields 9.2 jobs per $1 million; agriculture, 13; and services, 
more than 32. The electric power industry is also capital-intensive. 
One^uarter of the foreign debts of Costa Rica and Brazil are from bor- 
rowing for the construction of power plants and transmission lines. 
Similarly, in the Soviet U.dcn, energy accounted for nearly one-fifth of 



"Each dollar invested in 
efficiency improvements generates 
more jobs than a dollar invested 
in new energy supplies." 



all capital expenditures in the late eighties, and Poland poured air 
40 percent of its industnal investment into energy in \9f<f>, 21 percen. in 
coal alone * 

Employment in coal mining is likely to continue decreasing, especially 
as societies seek to limit emissions of carbon dioxide. Governments will 
need to compensate workers, ensure that they learn new skills, and 
cooperate with businesses to form new industries in th? affected areas. 
Countries such as the United Kingdom and Germany have experience 
with this problem, since the number of coal miners is already falling as 
automation increases. Now, hundreds of thousands of Polish, Czech, 
and east German coal miners may lose their jobs as energy prices are 
deregulated. Even in China, with more than 4 million coal miners, 
increased automation and worker productivity ensure a leveling off of 
employment 

There is a way, however, to meet em rgy needs in the future while creat- 
ing jobs. Numerous studies have concluded that each dollar invested in 
efficiency improvements generates more jobs than a dollar invested in 
new energy supplies. A 1979 Council on Economic Priorities report 
found that investments in energy conservation and solar technologies 
created twice as many jobs as those in traditional energy industries such 
as oil, natural gas, or electric power generation. At the 'ocal level, a dol- 
lar spent on energy efficiency produces four times as many jobs as one 
invested in a new power plant, mainly because reduced energy bills 
allow investments in other )ob-creating businesses.* 

Similar conclusions were reached by a 1985 European Community 
study of Denmark, France, the United Kingdom, ^pd West Germany. 
Investments in district heating, building insulation, and biogas plants, 
for example, were found to save money and produce more ]obs than tra- 
ditional energy investments. A study in Alaska found that home 
weatherization created more jobs and personal income per dollar than 
any other investment, including the construction of hospitals, high- 
ways, or hydroelectric projects. Evaluations of existing energy-saving 
programs in Connecticut and Iowa found that they were less expensive 
and created more work than energy-supply alternatives such as electric 
power stations.**' 
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As conimunities invest in energy efficiency and tap local renewable 
energy resources, economic benefits will ripple through the economy. 
An energy plan drafted by city officials in San Jose, California, for exam- 
ple, would create about 175 jobs during its 10-year span, with an initial 
city investment of just $645,000. The program includes education cam- 
paigns to show consumers how to save energy, and technical assistance 
such as energy audits and a home energy rating system. The plan also 
mcludes initiatives to reduce energy use in government builc^ ngs and 
transportation, setting an example for the community The city invest- 
ment, which would spur nearly $20 million in private spending, is 
expected to pay for itself in two-and-a-half years, and result in reduced 
carbon dioxide emissions.**' 

Even among electricity-generating technologies, there is a wide gap in 
employment levels. For the amount of energy produced, traditional 
fossil fuel and nuclear power plants employ fewer people than today's 
solar power systems, even when coal mining is included. (See Table 8.) 
As the technologies are refined and companies cut costs, however, the 
difference between renewable and conventional technologies may nar- 
row. Photovoltaic companies, for example, are now reducing costs by 
opening fully-automated manufacturing lines, as Maryland-based 
Solarex did in 1990. Biomass energy also generates more jobs than fossil 
fuel alternatives— particularly because of the labor required for main- 
taining tree farms and handling fuel. A recent Canadian study found 
that increasing wood use in the province of New Brunswick over the 
next 20 years would create more income, jobs, and tax revenue than oil 
or coal development. Studies in the northeastern United States came to 
similar conclusions/' 

In the move away from a fossil fuel e )nomy, some of the largest 
employment opportunities would be in home insulation, carpentry, and 
sheet-metal work. Wind prospectors, photovoltaic engineers, and solar 
architects are among the new professions that might expand rapidly. 
Numbering in the thousands today, jobs in these fields may total in the 
iViiilions within a few decades. Some of the skills now used in a fossil- 
fuel-based energy system would still be valuable. Petroleum geologists 
and oil-well crews, for example, could find jobs in the geothermal 
industry. But most of the jobs in a renewable-energy-based economy 



Tabic 8: Direct Employment in Electricity Generation, Various 
Technologies, United States 

Technology }^ 

(per thousand gigawatt-hoursa vear) 

Nuclear 
Geothermal 
CoaP 

Solar Thermal 
Wind 



*lncludescoal mining 

Source: Worldwalch Institute, based on DOE, ElA, EhrtrK Plant G>sf and PmntT Prixiucjm 
Experii^ mS (Washington, D C 1990), DOE, ElA, Coal Production Sfflfisfk> 19SS 
(Washington, P C 1989), and other sources 



100 
112 
116 
248 
342 



would be cleaner and safer. No one would be required to clean up 
radioactive spills or decommission "hot" nuclear plants. Nor would 
workers have to toil deep underground or dispose of toxic ash. 

The most profound adjustments will come in those few nations that 
now rely heavily on fossil fuel industries. The Persian Gulf nations, for 
example, have built their entire economies on oil and Saudi Arabia in 
particular has worked actively to weaken international commitments to 
limit carbon dioxide emissions. But most of these countries eventually 
will have to move away from petroleum dependence. Even in the 
Pe'^ian Gulf, the oil will not last forever, so these nations would do well 
to begin diversifying their economies.*** 

Oil-importing developing countries, particularly those burdened vyith 
foreign debt, have a further incentive to follow a labor-intensive, 
improved-efficiency energy strategy. Most Third World nations have 
far more labor to spare than capital; indeed, underemployment and 
unemployment are creating major social problems in many developing 
countries. By following a more diversified energy strategy, these coun- 



tries would provide more jobs while reducing expenditures on import- 
ed oil and other fossil fuels. 

As energy supplies become more diverse and less dependent on con- 
ventional fuels, local economies can begin to free themselves from dis- 
ruptive boom-and-bust cycles. The Iraqi invasion of Kuwait, for 
example, did not significantly affect the cost of solar hot-v/ater equip- 
ment in Jordan, of sugarcane ethanol in Brazil, or of wind turbines in 
Denmark. Indeed, the unquantifiable benefits of a sustainable energy 
economy could offer stability in an otherwise volatile world. 



Toward a Solar Economy 

In 1976, Foreign Affairs journal published an ar'icle that challenged the 
comfortable assumptions of energy planners. In "Energy Strategy: The 
Road Not Taken?" physicist Amory Lovins orfered a vision of a future 
world that relied on improved energy efficiency and renewable tech- 
nologies instead of fossil fuels and nuclear power. Lone before conven- 
tional energy planners were takine these new technologies seriously, 
Lovms was plotting the shapo of a 5 istainable energy economy.** 

The experience of the past 15 years has proven Lovins' vision prophet- 
ic. In the mid-seventies, conventional energy planners predictecf that 
the United States would be using around 135 quadrillion Btus (quads) 
of energy in 1990, while Lovins projected just under 100 quads. 
However, the estimated figure for 1990 is just 83 quads, only 10 percent 
higher than in 1973. Once port'-ayed as a wild-eyed advocate of "soft 
energy/' Lovins actually underestimated the rapidity of efficiency's 
gains.*^ 

The world has taken the first step toward the future Lovins foresaw. 
However, the next step—harnessing renewable energy— has been slow- 
er in coming because of technological lag-times, government neglect, 
and the 70-percent decline in oil prices between 1980 and 1986. Still, 
renewable energy technologies are now far more mature than in the 
mid-seventies. Rapid commercial development of several of these tech- 



"Solar, wind, and cogeneration facilities 
can be built at less than one-thousandth 
the size of a typical nuclear- or coal-fired plant." 
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nologies IS expected dunng the next decade, dnven not only by techni- 
cal advances but by world oil and climate trends."^ 

A new energy system is beginning to emerge and, as Lovins predicted, 
decentralization may be its hallmark. In contrast to the huge coal and 
nuclear plants of tixlav, renewable electncity stiunres— whether photo- 
voltaic cells, wood-fired plants, or wind generators— can be developed 
economically in various sizes. Scltv, wind, and cogeneration facilities 
can be built at less than one-thousandth the size of a typical nuclear- or 
coal-fired plant Some renewable ener^v systems can be installed, liter- 
ally, at the household level.^ 

Even larger-scale renewable energy projects — such as commercial wind 
farms— are more modular than today's energy sources. Today, wind 
farms are typically compi^sed of 100-kilowatt turbines that are less than 
20 meters in diameter and cost roughly $100,000 to build and install. 
The manufacturing processts are more akin to today's automobile fac- 
tories than to central power plants. A wind-power developer can install 
10, 100, or 1,000 machines, depending on how much power is needed. 
The same machine could also be used by itself to supply power for a 
Third World village. 

Given the diversity and decentralization of amewable resources, trans- 
mission and distnbution losses can be minimized. Smaller scale, more 
decentralized energy technologies, particularly if developed at the 
household level, reduce the need for moving energy about However, 
some larger-scale distnbution systems will still be needed. If hydrogen 
is used as a carrier, for example, energy can be moved long distances 
with virtually no losses. Hycirogen can also be used to power automiv 
biles, buses, and other mixles of transportation 

Areas where renewable sources are abundant, and the need for energy 
great, will likely see the arrival of a range of new technologies. Sc^ar 
thermal power syc^ems may be deployed extensively in deserts, while 
wind turbines prolifei j^e in windy regions. Photovoltaics can be used 
virtually everywhere. No matter the energy technology however, envi- 
ronmental and land use considerations need careful attention. 
Although many areas will remain off-limits for energy production due 
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to environmental concerns, this will not substantially hinder renewable 
energy development. 



Solar electric technologies do require land, but they are no more land- 
intensive than some of today's power sourc(?s. In fact, if the land devot- 
ed to mining coal is mcluded, renewable s) stems actually require less 
space than coal-fired power plants. (See Table 9.) In coal-rich areas of 
Eastern Europe, the United States, and India, for example, vast strip 
mines cover huge areas. These enormous gashes in the earth's surface 
render large areas useless for generations.'"" 

Solar technologies, in contrast, need not be spread over wide swaths of 
land. PhotovoTtaics, for example, cin be deployed on rooftops. And 
while wind farms appear to use large tracts, only 10 percent of the land 
is actually occupied by turbine towers and service roads; the remainder 
can be used for grazing animals or activating crops. While land avail- 
ability may be a local constraint to some renewable energy develop- 
ment, it seems unlikely that this will be a major limitation.'"' 



Table 9: Land Use of Selected Electricity-Generating Technologies, 

United States 

Technology Land Occupied 



(squ.irv mi'tm ptT giga watt- hour, for 30 years) 



Coal' 3,642 

Solar Theiinal 3,561 

Photovoltaics 3,237 

Wind^ 1335 

Geothermal 404 



'Includes coal mming 'Land actually occupied by turbines and service n)ads 

Source: World watch Institute, based on Meridian Corporation, "Energy System 
Emissions and Materiel Requirements," prepared for U S Department of 
Energy, Alexandria, Va , February 1989, Paul Gipe, "Wmd Energy Comes of 

Age," Gipe & AsjiiK , Tehachapi, Calif , May 13, 1990, and other sources 
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RestMrchers at the Eltx trie Power Research institute in California found 
that all current U S electricity needs could be met by solar cells 
deployed over an area of 59,IHX1 square kilometers— less than one-third 
ot the area now used bv the U.S. military Researchers at Pacific 
Northwest Laboratories estimate that 25 percent of current U.S. gener- . 
atine cap.icity could be provided by wind farms installed on le windi- 
est 1.5 percent of the continental United States. Most of thi> is barren 
grazing land in the western states that hardly would be affected by 
wind farm development In EuR>pe, the largest wind farms will likely 
be placed on offshore platforms in the North and Baltic seas.'"* 

Still no one envisions that wind power or photovoltaics alone will pro- 
vide all the world's energy Rather, a broad range of renewable tech- 
nologies, deployed at many differcnt scales, seems morc likely Within 
a few de':ades,'a geographically diverse country such as the United 
States might get 30 percent of its electricity from sunshine, 20 percent 
from hydropower, 20 percent from windpower, 10 percent from 
biomass, 10 percent from get>thermal energy, and 10 percent from natu- 
ral-gas-fired cogene ration A north African country may get halt its 
electricity from solar power, while northern Europe is likely to rely 
more on wind, and the Philippines on geothermal energy 

One energy source th.it is limited by land availability is biomass. Less 
than 3 percent of the sun's rays are'converted to biomass in photosyn- 
thesis. Photovoltaics, by contrast, already convert 10 percent of sunlight 
to electricity and solar thermal units convert 22 percent. Thus, it takes 
nearly one hectare of com to provide enough ethanol to run a U.S. auto- 
mobile for a year, yet the s«ime amount of land devoted to solar thermal 
troughs could power more than 80 electric vehicles. Moreover, solar 
technologies can be placed on less v::iuabie land. A hectare of 
Wyoming scrubland is worth around $100, while a hectare of Iowa 
farmland costs more thart $3,000 Contrary to some predictions, it is 
unlikely that vast stretches ot cropland will ever converted to energy 
farms.^'^^ 

Other environmental issues to consider include the loss of biodiversity 
i ii natural ecosystems aw n?placed with energy cri>ps. In Hawaii and the 

Philippines, geothermal development in tropical foan>ts already has led 
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to environmental conflicts, while California's wind turbines have been 
associated with bird kills. But remedies are available. In the 
Netherlands, wind developers and ornithological society representa- 
4o tives reached agreement on areas that would be off-limits to wind 
development. Geothermal developers, in particular, need to locate pro- 
jects with greater care, ensuring that land-use conflicts are minimized. 
Already, the injection of waste water into deep wells has become a 
mandatory practice for geothermal power stations in some areas.'*** 

The pattern of human sttliements, now shaped by cheap oil and the 
automobile, could be reshaped during the next several decades. More 
than half the total energy use in industrial countries is now related in 
some way to spatial structure— the relative location of homes, jobs, and 
shopping sites— according to Susan Owens, geography professor at 
Cambridge University. It is this placement of working c»«d living 
spaces that partially dnves the wasteful use of energy Although major 
changes in land use will obviously take time, the early stages of that 
transition may begin almost immediately. Sprawling suburbs, for 
example, are almost certain to be supplanted. Not only do detached 
homes consume large amounts of energy the suburban structure itself 
forces people to rely on automobil^^s and waste energy performing the 
ordinary tasks of daily life.'"^ 

Energy constraints are therefore likely to push societies toward more 
compact communities, where homes and shops are within walking or 
cycling distance. European cities already follow this pattern; they typi- 
cally have a density about three times that of modern American cities. 
Compact urban designs also facilitate improved public transportation 
systems. Some 40 years from now, rail travel and telecommunications 
could replace many of the shorter trips now covered by cars and planes. 
Such changes in transportation would reduce energy needs, as well as 
diminish traffic and pollution.'*"^ 

It also makes sense to construct new buildings so as to captur*> as much 
sunlight as possible— both for heat and electricity— and perhaps later 
include a hydrogen-powered cogenerator in the basement. Contrary to 
popular assumption, solar energy systems can easily be accommodated 
^o compact cities. Passive solar residences can be built as densely as 35 
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to 50 dwellings to the hectare. A normal U.S. residential suburb, by con- 
trast, is zoned for no more than 10 homes to the hectare. In many cities, 
district heating and cooling is an efficient alternative. Already in 
Denmark, 40 percent of the heating for buildings is provided by such 
plants, some using agncultural wastes such as straw for fuel. ' 

The transition to a sustainable energy svstem will inevitably reshape 
many aspects of today's societies. While some of the changes can be 
anticipated, others can only be guessed at. Overall, however, a sustain- 
able energy economy promises to be cleaner and more secure. And 
while the energy sources themselves may be more expensive, the ener- 
gy system as a whole could be far more economical. Not only is this 
vision preferable to the status quo, it is a vast improvement over the 
kind of future that would result from continuing overdependence on 
fossil fuels. 

In the past, energy transitions have occurred on a country-by-country 
basis But the next transition is one that the world as a whole must 
achieve, because the economic and ecological problems driving it are 
global in nature. By the year 2030, today's developing countnes will 
have upward of 80 percent ot the world's population. These nations 
have little hope of achieving their basic development goals if they follow 
the enemy path blazed 100 years ago by the West. But they could "leap- 
frog" industrial countries and follow a sustainable energy strategy from 
the start, avoiding billions of dollars of misdirected investments.' 

The world ha. in a sense already embarked on the next great energy 
transition— under the pressures of economic, environmental, and social 
limits that have made the old system unsustainable and obsolete. The 
main danger is that new energy systems will evolve too slowly, overtak- 
en not only by environmental problems but the social and economic 
upheavals that could accompany them. Societies have only a short time 
to chart a sustainable energy course, and then muster the political will 
to follow it 
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